Sheet 1 of 1 



FORM PTO-1449 U.S. Department of Commerce 
Patent and Trademark Office 

INFORMATION DISCLOSURE STATEMENT 
BY APPLICANT 
(Use several sheets if necessary) 


Atty. Docket No. ! Application No. 
P23556 10/618,687 


Applicant 

TetsuroOGAWAetai. 


Filing Date Group 
July 15, 2003 GROUP 


U.S. PATENT DOCUMENTS 


EXAMINER 




DOCUMENT NUMBER 


DATE 


NAME 


CLASS 


SUBCLASS 


IF APPROPRIATE 






4 4 3 7 1 9 2 


03/20/84 


FUJIUetal. 
























































































































































































































































FOREIGN PATENT DOCUMENTS 






DOCUMENT NUMBER 


DATE 


COUNTRY 


CLASS 


SUBCLASS 


TRANSLATION 
































































































































OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.) 






































EXAMINER | DATE CONSIDERED 


•EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609; draw line through citation 
if not in conformance and not considered. Include copy of this form with next communication to applicant. 



{P23556 00097817.DOC} 



United States Patent m 

Fiijin et al. 



pi] 4,437,192 
[45] Mar. 20, 198* 



all of Japan 

[73] Assignee: Nippon Kogaku K.K., Tokyo, Japan 

[21] Appl. No.: 476,041 

[22] Filed, Mar. 16, 1983 



lormnuation of Scr. No. 270,588, Jun. 4, 19 
Foreign Application Priority Data 



FOREIGN PATENT DOCUMENTS 
2546824 5/1982 Fed. Rep. of Germany . 

OTHER PUBLICATIONS 
ih, L. L. "Ceramic Implants'-Resour. Recc 
ASME, 1975 pp. 197-205. 

M McCarthy 



428/432; 428/433; 428/434; 501/18; 501/2li 
501/24; 501/25; 501/59; 501/63; 501/64; 

501/65; 501/67 

eld of Search 501/5, 18, 21, 24, 25, 

501/58, 59, 63, 64, 65, 67; 3/1.9; 128/92 C; 

428/432, 433, 434 




U.S. Patent 



Mar. 20, 1984 



4,437,192 




IMPLANTS OF BIOLOGICALLY ACTIVE GLASS 




fc^WTC 8filed June 4? 1 98 "now i 

BACKGROUND OFTHE INVENTION togicaBy actwe^ and gli 



Japanese Patent Application Laid Open No. 



I. Field of the Invention . 145,394/1978 the counterparts of which are U.S. Fat 

The present invention relates to a biologically active 10 Nos. 4,159,358 and 4,234,972 Within the range of ingle- 
glass and glass-ceramic composition and an implant dicnt contents allowable for composing the biologically 
coated with the composition. '^im material specified therein, it is not possible to 

z. oescnpnon of the Prior Art obtain many combinations ofthe reactivity and coeffici- 



the material, then the 
ned thereby. It is no 
reactivity indepen- 



living body. Upon contacting the body fluids in' vivo, 
the biologically active material reacts and bonds to 

rnSal^fd JSSSS^^jS^SS^M 10 of fc »» °«termined~the r e 0 y It U , 

material and the hard tissue m a hvmg body is described 20 Inmm . ,„ ,,,„rmi„, ,>,„ 

in detail in a .publication, J. Biomed. Mater. Res. Symp. 
No. 2 (Part 1), 1 17-141 (1971). In summary, the mecha- 



e selected coefficient of 
e wishes to form an implant by coating a 
of thematerialsuchasNa. Ca, P.Band ^S£rS^SS 



Si are dissolved out from the surface ofthe material into 2= determined, considering the coeffici- 

the body fluid as the respective ions thereby forming ^ „« f i.l™? it,. ™~ raS.„ .73.^ 

micro pores on the surface. P and Ca ions derived from eBt °' I""™ 1 expansion or the core. Since, as noted 

the biologically active material and also P and Ca ions above : th , e J""*"'?' ° f ' ""'"J" 1 18 de ^ Imi "« i V 

derived from the living body itself owing to its bone f^f d coeffi .?r' of , f^f expansion, there is 

rnaldng abBhy. are gradually deposited in the formed 30 !f atoost aopc«*mty of free select™ of me reactiv- 

pores and crystallized into hydroxylase which is the ■*« * e , sel f !, ;? n of potent of thermal cxpan- 

mam substance of bone. Thus, a direct and Ohemical won for taologically a=ave glass and glass ceramics 

bonding is obtained between the MologicaUy active hithei ?° known - "J 0 """; faction of reactivity is of 

material and the bone. great importance for usefulness of a biologically active 

On the other hand, it is known that no practicaUy 35 implant as will be seen from the following description, 
useful implant can be produced using only .such a bio- , We, the mventora ofthe present invention, have con- 
logically active material because of its insi fncient me- dncted a number of experiments on the biologically 
chanical strength. For ^solution to the problem, the «*ve glass and glass ceramics proposed by the prior 
employment of a metal core having a high mechanical invention, that is, the aforementioned I Japanese Patent 
-strength sufficient- to resist the load normally applied 40 Application Laid Open No. 145,394/1978 to examine 
thereto in use, with a coating of such biologically active *■ strength of chemical bonding between the material 
glass or glass ceramics, has been proposed, and clinical 0110 various bones. In these experiments the vivo, the 
tests have been made for implants thus fabricated. known biologically active materials were implanted in 

To apply the coating of biologically active material thighbones of rats, craniums of rabbits and jawbones of 

hi whichtheMogMy^cUvc'gtoss and^^ ceramics ^ merit. demonstrated the fact that the ch 




with the material have nearly equal coefficients of ther- bonding strength obviously resulted : 

mal expansion and the biologically active material has a in bone forming ability between different living bo 

relatively low melting point. If the biologically active and also between different parts of the body, 

material and the metal core have different coefficients 55 As previously described, when the biologically ae 

of thermal expansion, then cracks will easily be devd- -«-"-' ••• 4 — i — «— i . k.j-~ i™*.. *— >.<■- -i 
oped in the coating layer after cooling. Also, if the 
biologically active material is not fusible at relatively 
then the high temperature molten 

micsmav damage the core and fur- 60 ceeding of 

- ; —'- J with metal owing to the bone forming ability of the living body and 



active material-to-bone bond can be a 
are required to satisfy the fol- «5 the surface reaction proceeds at a speed substantially 
at once: equal to the bone making speed. Therefore, in case that 

te reactivity to allow leaching the reactivity of the used biologically active materia! 



g 4,437,192 6 

The above specified contents of the respective ingre- content of Na20, the coating layer of this composition is 

dients in the composition according to the im — 1 ... ... 

essential for the following reasons: 

As mentioned above, Tfthis an essential ingredient to 
reduce the reactivity or the biologically active material. 5 
aol^dfTiOj the biologically 

of metal ions are dil 
the function of the coating as a biologically ac 
rial may be lost to a great extent. 
The following examples illustrate the effect of th 

EXAMPLES 1-4 

at of these ingredients is extremely high or ex- 13 Four different samples of glass and glass ceramic 

ly low, then it is impossible to adjust the reactivity according to the invention were prepared as shown ii 

to the desired level. For that reason, the content of T<*|e 1. As forUie contentsof B 2 0 3 , SiO* NmO and 
B2O3 should be in the range of from 5 to 15 mol%- ~* 1 
Similarly, the content of Na 2 0 should be within the 
range of 10 to 30 mol% and that of CaO be within the 20 of Ti0 2 wi 

range of 5 to 40 mol%. - q.5.mol% and 3.0 mo!%. The content of BjOj in 

SiCh is a network former. The reactivity of the bio- examples is higher than that of the prior art biologically 
logically active mi 

content of Si0 2 .H - 

kably smaller than that of Ti0 2 . With a 
otof SiOithan 60 mi — " 




B »1 r SiO2.il po 1 djust 

reactivity of the material to the desired level even w! 
is is controlled by TiOj. 
K 2 0 and Li 2 0 may be used 'in place of NaiO 




MgO is substitutive for CaO. Above 
the composition loses its affinity for a living body. 
Al 2 03, Zr0 2 and 1*203 are substitutive ' ' 



However, the content of these ingredients in total 40 ypTCCJ. 
should be less than 8 mol%. Above 8 mol%, the biologi- 
cally active material can not have the desired ch 
istic of low melting point 

F 2 serves to make the material fusible at relatively expansion. Their melting points as . 
low temperatures. Above 15 mol% of Fi it is impossi- 45 low which were 690' C and the vicinity oi 

blc to give the composition an adequate rer - ^-""" ~ ~~ ; " ^"^ ' »i-- —"-<;." 

A higher content than 8 mol% of La 2 0 3 
Y 2 0 3 in 




he composition of Example 1 i 
content of TK>2 was the smallest of all the four composi- 
tions and that the lowest pH was for the co 

Because of high content of B1O3, this group of glass 63 



enough to ap| 
metal core by 1 



apply the biologically active CO 



4,437,192 



degree of i 
ofTiChis 



whole as seen in FIG. 2 showing the change of pH with 



to a living body can be re- time similarly to FIO. I. The reduced reactivity is 

duced by increasing the content of TiOj. ther adjusted to a desired level by changing the com... 

The biologically active glass of Example 1 which 5 of TiOj (See FIG. 2). These compositions have the same 

exhibited the highest reactivity in the above pH test was coefficient of thermal expansion, which makes it conve- 

shaped into a cylinder of 1 mm in diameter X 3 mm in nient to coat the same kind of metal cores with different 

length. The cylinder was implanted in a thighbone of a biologically active compositions. The melting points of 

rat where the level of bone forming ability is relatively this group of biologically active compositions in the 
high. On the other hand, the biologically active glass of 10 form of powder are all low which are about 670' C 

Example 3, the reactivity of which was found to be For examples 5 to 8. the following weight % equiva- 

relatively low, was shaped into a cylinder of 3 mm tn i ents apply 
diameterX5 ram In length. The cylinder was implanted 
in the jawbone of a dog where the level of bone forming 

ability is relatively low. In both of the two experiments 15 Bnmpic <i) ;Q at 18) 

in vivo, there was obtained a strong glass-to-bone bond. sioj «.4 15.9 isj 43.3 

For the purpose of comparison, a known biological 8203 13.5 \3A 34 .2.8 

active material disclosed in the above referred to patent " ° : " J" 

publication, Japanese Patent Application Laid Open 92 H H .'; 

No. 145,394/1978 and named "Bioglass A" was tested 20 /uf, it Zi Zi li 

in the same manner as above. Although the known TlQa u ,.3 ,.» 16 

material exhibited a high bonding strength to the thigh- 

rial and the jawbone of a dog was poor in strength. 

Biologically active material known from the above 
referred to patent publication have high melting points 
as powder which were measured to be about 1 100' C 
or higher. This is far higher than that of the materials 

according to the present invention. It is possible to ,• ,„ ,.,„ „t 

lower the high melting point to some extent by adding ,„ "Srahents in addition to the ingredients sh 

B2O3 to the known composition. However, addition of Ta ™' z _ .„ „ . , , v , . 

B 2 0 3 more than 10 moI% causes the known composi- ^jO and LijO may be added in place of NajO to 

Hon to have an excess reactivity In this case unlike the attain ^ Eame eSr<x:t - z ^°i ™ d l*iOs have *c 

material according to the invention, it is very'difficult to ^d'Sfl" f* 6 ^^^"lo'^'^o?™ 

lent apply: P ' 8 8 1 



biologically active 




t a high X-ray absorption coefficient which makes it 
easy to observe the implant after implantation. Addition 
of PjOs has the effect of improving the affinity of the 
ial to a living body. MgO has a similar function to 
veforCaO. 



This group of biologically active compositions shown the desired characteristic oflow m< 

in Table 2 contains fluorides in addition to the ingredi- as seen in FIG. 3, all of the comp 

ents shown in Table 1. Fluorides serve to reduce the desired level of reactivity. The reactivity ca; 



finely controlled by changing minutely 
TiOj, AI1O3, ZrOj and NbjOj serving 

.terialmaybemad 

oy, for example, pUtamun (90%> w , A fe , . » . 



the metal core with its one 



„ — particles bonded 
form a glass coating layer covering the 
metal core. The coated metal core was then transferred 
into another heating furnace being held at 4S0" C. After 
leaving the coated metal core standing in the furnace 




pennits the preparation of many bio- 
logically active materials having different reactivity 
levels for a kind of metal core. Thus, by coating metal 
' * -' kind of metal with differently 



_ - jus implants having different reactivities. The 

T«Oi — — — nil 35 operator, therefore, can select a most suitable implant 

VjOj — _ _ 5.7 for a patient who undergoes an implanting operation 

iS2 ~ i! ~ ~ while considering the bone forming ability detennined 

by the age and condition of the patient as well as posi- 
tion at which the implant is to be located. This always 
to assures a better solution than does the prior art 

Another advantage of the biologically active materi- 
als according to the invention resides in lower melting 
point. Owing to the characteristic of low melting point, 
the coating material can be applied to a metal core 
tS employing the preferred enamelling process which pro- 
vides a high quality and uniform coating at a higher 
work efficiency. Since a uniform coating can be ob- 



The cylindrical metal core was then subje 
sandblast treatment by alumina particles of 
le pressure of 8 kg/cnA This surface 



eful for reinforcing the bondi 



the bonding strength of glass-to- material for be 



jected to a supersonic cleaning in acetone for three We believe that the preparation and use of our biolog- 

minutes. The metal core was then held in vacuum over ■ S JL — * 

10-«Torr at 800' C for a half hour for degassing. This 
degassing has the effect of preventing bubbling from the 



